Key Words human urine, L-carnitine, free-carnitine, acetyl-carnitine, acyl-carnitine, total carnitine, starvation, ACTH injection, myopathy L-Carnitine is required for the oxidation of long-chain fatty acids by mitochon dria (1, 2), and it also seems to have some role in the oxidation of branched-chain amino acids (3). In animal blood and tissues, L-carnitine functions in several forms classified as free-, acetyl-, short-chain acyl and long-chain acyl-L-carnitines, and the sum of these carnitines gives total L-carnitine. The profile of L-carnitine and its derivatives and the level of total L-carnitine in the blood and tissue have been reported to be altered with nutritional and physiological states of animals.
In the previous studies, we have reported significant increases in urinary excretion of total-carnitine with starvation in normal persons (4, 5), and we have also determined the effect of ACTH injection to normal persons (6, 7) and patients with muscular dystrophy (6), hypothyroidism or hypopituitarism (7). Since urine is as important as blood to evaluate changes in health states of both normal persons and patients (8-10), it seems to be worth investigating the urinary profile of L carnitine and its derivatives as well as the level of total L-carnitine.
In the present study, urinary levels of L-carnitine, its derivatives and total L carnitine were determined for starved normal persons and also for ACTH injected normal child and child and adult patients with lipid storage myopathy.
EXPERIMENTAL
Urinary levels of free, esterified and total L-carnitines were determined in four apparently healthy male volunteers (21-24yr, 52-61kg). The subjects were nu tritionally conditioned having the same breakfast (carbohydrate:fat:protein= 58:31:11% of 552 kcal) at 8am., lunch (41:27:13% of 851 kcal) at 12am., and dinner (56:35:9% of 865 kcal) at 7pm. between day 1-6 of the 10-day experimen tal period. After the evening meal at 7pm. on day 6, they began a 61-h starvation until 8am. on day 9. Subsequently the subjects were refed on day 9 with break fast (82:10:8 % of 516 kcal), lunch (43:47:9% of 1,432 kcal) and dinner (75:12: 13% of 821 kcal). Total 24-h urine was collected from 8am. to the next 8am . throughout the experimental period for carnitine and creatinine determinations.
A normal female child (3.5yr, 14kg), a female child patient (4.5yr, 13 .5kg; obscure myopathy) and a male adult patient (23yr, 43kg; familiar hyper lipoproteinemia-type IIa) with lipid storage myopathy were hospitalized (Toho University Hospital, Oh-hashi) and fed non-specified hospital meals. On day 1 of experimental period, a biopsy of the vastus lateralis muscle was obtained. On day 3 or 4 they received a muscular injection of 1mg of ACTH-Z (Cortrosyn_??_ Z In jection, Daiichi Pharmaceutical Ind. Co., Ltd., Tokyo). Total 24-h urine was collected daily throughout the 7-day experimental period. Informed consent was obtained from parents of children and from the adult patient undergoing ACTH lower as compared to control values obtained at the pre-starvation period from the normal persons (Table 1) . Percentage distribution of L-carnitine and its derivatives in the urine obtained before ACTH injection from the three subjects were 30-45% for free, 15-40% for acetyl and 30-60% for acyl-L-carnitine. These data were almost similar to those obtained before starvation from normal persons, with exception that acetyl-L-carnitine levels were higher in the three subjects. On the day and the next day of ACTH injection, free-, acetyl-and acyl-L carnitine levels in the urine were increased, and this was significantly great in free-L -carnitine excretion. In the adult patient acyl-L-carnitine excretion was significantly 
DISCUSSION
The data obtained from the present study could well support our earlier observations (4, 5) and the results obtained by Frohlich et al. (18) that urinary total L-carnitine levels were markedly elevated with starvation in adult normal persons . In our present and earlier studies, a significant increase in urinary total L-carnitine excretion was started on the 1st day of starvation, which markedly differs from observations in rats by Brass and Hoppel (19) in which urinary total L-carnitine excretion decreased initially and then increased at the late starvation period of 6days. The ACTH-induced increase in urinary levels of total L-carnitine was observed in a normal child and a child and adult patients with muscular weakness, being in agreement with our earlier findings with ACTH injected normal per sons (6, 7) and patients with hypothyroidism or hypopituitarism (7).
The distribution of L-carnitine and its derivatives has been investigated well on tissues but poorly on urine samples. With the urine from mice and rats , Seim and Strack (20) reported the excretion of acetyl-L-carnitine besides free-L-carnitine after a subcutaneous injection of a large dose of L-carnitine or several O-acyl-L carnitines. Brass and Hoppel (19) have also observed urinary excretion of free and esterified-L-carnitines in rats. For the human urine, a possible excretion of esterified L-carnitines was suggested by Cederblad et al. in their data, which showed wide differences between the urinary L-carnitine levels obtained without alkaline hy drolysis of urine samples (21) Esterified-L-carnitine levels in 24-h urine from normal persons have been reported by Carroll et al. (24) to be 70% of urinary total L-carnitine, being a little higher than our present results (54%). The urinary profile of L-carnitine and its derivatives in normal persons were demonstrated by the present study as follows; 46.5% for free-, 8.7% for acetyl-, 29% for short-chain acyl-, and 16% for long-chain acyl-L-carnitine in the total L-carnitine levels. Similar patterns were also observed in the urine samples obtained before ACTH injection from two children and the adult patient with myopathy ( Fig.  1) observed in normal adult persons. It is interesting to note that , in the carnitine deficient patient with muscular weakness , an increase in urinary excretion of short chain acyl-L-carnitine was high as compared to that of free-L-carnitine . Thus, starvation and ACTH caused different changes in urinary profiles of L-carnitine and its derivatives in human may be related to the differences in the effects of these two physiological stimuli on renal clearance of L-carnitine and its derivatives as well as metabolisms of carnitine itself and others, including the oxidation of fatty acids , branched-chain amino acids, etc. There is no clear explanation for the finding that a significantly greater response of acyl-L-carnitine excretion to ACTH injection occurred in the adult patient with myopathy as compared with those in the two children. ACTH injection, which is known to stimulate fatty acid oxidation in animal tissues , might cause an increase in acyl-L-carnitine ratio to total L-carnitine in the body . This increase might be greater when total L-carnitine body pool size is smaller as judged for the adult patient from his very low muscular carnitine content , bringing about the elevated urinary acyl-L-carnitine levels with ACTH injection .
Skeletal and cardiac muscles have the highest concentrations of total L carnitine in the animal body (29, 30) . Our earlier study showed a significant increase in skeletal muscle total carnitine content with 5-day starvation in rats (31) . However, Brass and Hoppel (19) could not show any change in total L-carnitine contents in the whole body of rat during 6-day starvation . Thus, the increased urinary total L-carnitine level in the starved person does not seem to be necessarily caused by any significant activation of carnitine synthesis but to be due to the increased renal clearance of L-carnitine and its derivatives . This might be also true for our observations in this and earlier studies that the urinary excretion of total L carnitine increased with ACTH injection as well as previous similar observations with T3 and T4 injection (32). However, as described previously , we must consider great differences in response of urinary excretion of L-carnitine and its derivatives between human and rats. Therefore, further studies seem to be required to draw any conclusion to the question whether the elevation of urinary excretion of total L carnitine in human induced by starvation and ACTH as well as thyroid hormones may reflect any enhancement of carnitine biosynthesis or solely the increase in renal clearance of L-carnitine and its derivatives .
In conclusion, it seems to be useful to investigate the urinary level and profile of L-carnitine and its derivatives in order to determine the states of carnitine and the related metabolisms in the normal persons and patients .
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